Results: Data-sets for 1,549 participants (28.5% women; mean age 52 ± 15 years) were available for analyses. There was a number of participants in every subgroup, yet numbers were relatively small in the group with the shortest time since injury (< 1 year; n = 23) and in the oldest age group (≥ 76; n = 94). A high variability in some outcomes was detected between categories. All variables were predictive for most of the endpoints investigated. Conclusion: Recommended categorization could well fit the present sample. A minor concern was the low numbers of participants in some subgroups.
INTRODUCTION
Epidemiological analysis is concerned with describing and comparing the occurrence and patterns of health events between populations as well as across critical subgroups within populations (1) . Analytical steps may include descriptive or inferential analyses, and both methods frequently use categorical variables to depict variation or derive conclusions (2) . The decision to categorize variables and the choice of categories necessitates some consideration and decision-making. Disadvantages of categorization may include information loss (especially in inferential analysis), while benefits include comparability across studies, which is also relevant with regard to future systematic reviews and meta-analyses. For nominal-scale variables, where a categorization is already given, researchers have to decide if certain categories should be collapsed; for continuous variables the number of categories and the category boundaries have to be determined (1) . Categorization should result in a specified number of participants in every group and, ideally, an equal distribution between categories. With respect to the outcome under study, homogeneity within groups and heterogeneity between groups are desirable (1) . Reducing or collapsing categories may increase the clarity of presentation and may also simplify subsequent statistical analyses; however, the resulting loss of detail may cover up important information or trends, and the reconstruction of detail by future researchers is impossible.
To facilitate comparability between epidemiological studies conducted in individuals with spinal cord injury (SCI), recommendations on how to categorize and report basic study sample characteristics were developed under the auspices of the International Spinal Cord Society (ISCoS) (ISCoS recommendations; (3, 4) ). Such standards ease comparability of information across SCI studies and thus are of great relevance for epidemiological purposes. At the same time, the authors of the ISCoS recommendations acknowledged that further research may indicate where to improve the groupings in order to produce high homogeneity within groups and discrimination of outcomes between groups.
The aim of the present study was to test subgroups, resulting from the application of the ISCoS recommendations, among participants of the Community Survey performed by Swiss Spinal Cord Injury (SwiSCI). The resulting subgroups were tested for the following attributes: (i) distribution of participants across categories; (ii) variability, including: (a) homogeneity within groups and (b) heterogeneity between groups with regard to selected outcomes of domains of functioning and quality of life as cases in point. ON SPINAL CORD INJURY:  EVALUATION OF INTERNATIONAL RECOMMENDATIONS IN THE SWISS  SPINAL CORD INJURY COHORT (5) . SwiSCI was formally approved by the responsible regional research ethics committees. Written informed consent for use of questionnaire data was signed by all participants. The present study refers to cross-sectional data collected between September 2011 and March 2013 in a community survey (5), using a mixed-mode design that included a combination of paper-based and web-based questionnaires, and telephone interviews as assessment methods. Potential participants were identified through cooperation with the national association for persons with SCI (Swiss Paraplegics Association), the SCI-specific home care organization ParaHelp, and 3 specialized SCI-rehabilitation centres. The part of the questionnaire that provided information for the present study was returned by 1,549 out of 3,144 individuals, a response rate of 49% (for details see (6)).
SUBGROUPS IN EPIDEMIOLOGICAL STUDIES

Measures
Basic study sample characteristics. The SwiSCI Community Survey included the following variables of the International Spinal Cord Injury Core Data Set (4): gender, date of birth, date of injury, aetiology of injury, and severity of injury. Years since injury and current age (at the time of the survey) were calculated. Aetiology of injury was classified as traumatic or non-traumatic. Severity of injury was assessed by questions on the level (tetraplegia, paraplegia) and the completeness (complete, incomplete) of the lesion. To approximate the American Spinal Injury Association Impairment Scale (AIS) these were combined to: complete tetraplegia (equivalent to C1-C8, AIS A), incomplete tetraplegia (C1-C8, AIS B, C or D), complete paraplegia (T1-S5, AIS A) and incomplete paraplegia (T1-S5 AIS B, C, or D) (4).
Selected outcomes of domains of functioning and quality of life.
A number of different outcomes, covering domains of functioning according to the International Classification of Functioning, Disability and Health (ICF) and quality of life, were chosen as cases in point to evaluate variability between subgroups.
Five domains of functioning relevant for people with SCI were included in this study. For each of these domains a scale was developed that aggregates the available information for the relevant ICF categories in a metrically sound way, while keeping the conceptual components distinct (7) . Items from the following existing instruments were integrated in the scales: the Spinal Cord Injury Secondary Conditions Scale (SCI-SCS) (8) , Spinal Cord Independence Measure Self Report (SCIM-SR) (9) and the restriction scale of the Utrecht Scale for Evaluation of Rehabilitation-Participation (USER-P) (10) . The Rasch measurement model was applied, which estimates the parameters of a person's ability and an item's difficulty along the same logit scale, giving rise to equal interval units of measurement (11) . Assumptions of unidimensionality, local independence of items, and group invariance across relevant groups were also tested. Five unidimensional outcomes (at chapter level or across chapters) were derived from survey questions, covering both the ICF component of "Body functions" and the ICF component of "Activities and Participation". The "Mental functions" (ICF chapter b1) scale consists of 7 items (range -4 to 5 logits), the "Functions of body systems" (ICF chapters b2-b8) scale integrates 13 items (range -4 to 5 logits), the "Mobility" (ICF chapter d4) scale constitutes of 8 items (range -4 to 4 logits), the "Self care" (ICF chapter d5) scale encompasses 6 items (-4 to 9 logits) and the "Involvement in life situations" (ICF chapters d6-d9) scale consists of 8 items (range -3 to 6 logits). Higher scores represent lower levels of functioning. Each scale has shown to be invariant across age, gender, and SCI aetiology and provides interval-scaled data for further epidemiological analyses (7) .
Quality of life was assessed by 4 selected items of the WHO-QOL BREF questionnaire (12) . The WHO-QOL BREF uses a 5-point Likert scale to rate quality of life (ranging from "very poor" to "very good"), satisfaction with personal health, with the ability to perform daily living activities, and with personal relationships (ranging from "very dissatisfied" to "very satisfied").
Statistical analyses
Continuous variables were categorized according to ISCoS recommendations (3) . Age (at time of survey) was split into 15-year intervals. Time since injury was split into an interval of less than 1 year, an interval of 1-5 years, and 5-year intervals thereafter. The highest age or time since injury interval with an acceptable number of cases was found to be older than 75 years and more than 40 years since injury, respectively. The distribution of study participant characteristics across categories was evaluated for continuous variables using summary statistics, including number of non-missing values, frequencies, mean and standard deviation (SD), median, as well as minimum and maximum per category.
As a measure of data clustering, the variability of continuous outcomes across categories of predictor variables was assessed by comparing the SD in outcomes between strata. Minimum, maximum and standard deviation of the stratum specific variability were computed, along with p-values from Levene's test for the equality of variances between categories. Heterogeneity between groups was assessed through one-way analysis of variance (ANOVA) for continuous outcomes and via Kendall's tau for testing the association between ordinal variables. p-values for the ANOVA were derived via simulation of the data given actual group sizes and estimated standard deviations under the null hypothesis using 5,000 replications. This was computed using the simanova package in Stata. The variability of continuous outcomes across categories of predictor variables was further depicted graphically in scatterplots comparing mean per strata with actual measurements.
Rasch scores were derived using the TAM packed version 1.0-3.18-1 in R version 3.1.0. All other statistical analyses and data preparation were performed with Stata version 13.1 (StataCorp LP, College Station, TX, USA).
RESULTS
A total of 1,549 individuals participated in the study, of whom 71.5% were male. The median age was 52 (interquartile range (IQR) 42-63) years. Detailed participant characteristics and their distribution across categories are shown in Table I . Most study participants were in the age category 46-60 years (36.9%), with only a few being 30 years or younger, or older than 75 years (8.3% and 6.1%, respectively). The age distribution was skewed to the left in the youngest, 16-30 years, age group (median age 26 years) and skewed to the right in the oldest, ≥ 76 years, age group (median age 79 years). All other age categories showed a uniform distribution of age within strata. Time since injury was less than 25 years in over 75%, and less than one year in 1.5% of participants. Within each 5-year period the data were uniformly distributed. Seventy-eight percent of participants had a traumatic cause of SCI. The distribution of participants across severity level was between 10.0% (tetraplegia complete) and 37.2% (paraplegia incomplete).
Summary statistics of the functioning outcomes are shown in Table II . There was a significant difference in variability detected across categories of age for the "Involvement in life situations" outcome, across categories of years since injury for the "Mental functions" outcome, and between genders for the "Self care" outcome (Table III) . Most outcomes displayed significant differences in variability across categories of severity of injury, except "Mental functions" and "Functions of body systems". Amongst all other outcomes and categories of predictors the variability was fairly homogenous.
Heterogeneity between groups was high between all outcomes and all categorized parameters, except in "Mental functions" vs age or aetiology, "Functions of body systems" vs years since injury or severity of injury, "Self care" vs gender or aetiology, and "Mobility" vs aetiology (Table III) . Recommended categories for age and time since injury appropriately reflected the distribution of the data as well as trends in key outcomes (Fig. 1) . All parameters were highly predictive of at least 4 of the 5 outcomes and most distinctive of "Mobility" and "Involvement in life situations". The ratings of quality of life, satisfaction with health and ability to perform daily living activities showed high association with most investigated parameters (Table IV) . No association was found between any parameter and satisfaction with personal relationships.
DISCUSSION
The comparability of reported participant characteristics with other studies can help to determine selection bias and to convince the reader that the population included in the study, to the extent possible, is representative of the population intended to study. For the present study, we therefore defined comparability with other studies as top priority for categorization and applied the ISCoS recommendations on standardized reporting to the SwiSCI Community Survey sample. For the comparison with other epidemiological studies conducted in populations with SCI, this seems appropriate, on the condition that the recommendations will be broadly adopted by future studies in this field. Currently, the comparability with past studies remains limited by the inconsistency in reporting, as shown by an overview of randomly chosen past publications (see Table V ) and as previously stated by the authors of the International Perspectives on Spinal Cord Injury (IPSCI), a report recently published by WHO and ISCoS (13) . The authors of the IPSCI report strongly suggest using the ISCoS recommendations in future studies and the editors of Spinal Cord, the scientific journal of ISCoS, recently made use of the recommendations mandatory for publications in their journal (14) . However, in studies where comparisons with the general population or populations with a different index disease are intended, other categorizations might be preferable. Unfortunately there is no consensus on how to categorize data for reporting. To give some examples, a publication of the cohort profile of the Swiss National Cohort reports the following age groups: 0-9, 10-29, 30-64, 65-84, ≥ 85 years (15) ; the Global Burden of Disease reports the age groups: 0-4, 5-14, 15-59, ≥ 60 years (16) ; and the World Report on Disability, which is not based on its own data collection, reports 2 different categorizations: 18-49, 50-59, ≥ 60 years, and 0-14, 15-59, ≥ 60 years (17) . Choice of categories might also be determined by the subject under study. As an example, studies on labour market participation would usually be limited to individuals of working age (18-64 years) and the use of the age categories recommended by ISCoS would therefore not be very convenient (e.g. 18). In our sample, recommended cut-offs for creating categories for given parameters were generally supported by the overall value distribution. Only the lower extreme of time since injury (< 1 year) and upper extreme of age (≥ 76 years) contained low numbers of individuals, which may increase the risk of chance findings and erroneous inference regarding outcomes in these groups. Recommended categorizations for time since injury and age were therefore less appropriate for our community survey, because persons still receiving first inpatient rehabilitation (in their first year after SCI) were not invited to participate, and the source population contained only small numbers of people aged ≥ 76 years (6) . The merging of these extreme categories to adjacent levels is likely to improve inference and also maintains comparability with results from other studies on the aggregated level.
A successful stratification should lead to fairly homogenous groupings; groups that are very disparate with respect to the outcome under study should not be merged. This study demonstrated well-distributed outcomes across all strata. The exception being the categories of severity of injury, which is grouped based on clinical reasoning and should not be altered. Heterogeneity between groups is not considered necessary for a good categorization, as this depends mainly on the predictive power a measurement has in general. Still, the Kendall's tau-b for association between categorical outcomes. (19) (20) (21) . However, these outcomes merely serve as cases in point to illustrate our statistical considerations; the choice does not imply a rating of relevance. It should also be noted that our considerations on categorization refer only to the descriptive presentation of basic participant characteristics; for advanced analyses it is usually not recommended to group continuous data, but to use them in their original form (or as, for example, transformations, splines or polynomials). Our choice of variables to describe basic participant characteristics was performed from the perspective of comparability of information within and across SCI populations and therefore based on the International Spinal Cord Injury Core Data Set (4). For future research, it would be worthwhile to examine whether these variables are sufficient and adequate to act as effect modifiers in understanding functioning in SCI.
Limitations of the current study include that the self-report measure of severity of injury was crude and cannot be considered equivalent to direct examination. However, linkage with medical records demonstrated substantial agreement between previously documented and self-reported severity (6) . An in-depth analysis of survey non-response was conducted to quantify potential response bias (6) . There was no relevant response bias in relation to demographic variables (age, gender) and lesion level. Existing bias, both in relation to participants' membership of the Swiss Paraplegics Association and in relation to time since injury, had only minor impacts on key outcomes of the survey (for details see (6)).
In conclusion, this study showed that it is feasible to apply ISCoS recommendations to the SwiSCI Community Survey sample. The only issue of concern were categories with a low number of participants (time since injury < 1 year and age ≥ 76 years). The many categories defined for age (15-year intervals) and years since injury (5-year intervals) were found suitable for this large data-set, but may not be similarly appropriate in all cases. In case of specific research questions, e.g. on work participation or when a comparison with specific studies conducted in the general population is intended, it might be preferable to deviate from recommendations and use different, well-targeted and pre-specified age groups. 
